Introduction
Cancer is a term that refers to the rapid growth and division of abnormal cells in a part of the body. 1 These cells promote alterations in primary tissue and have the ability to invade different parts of the body and spread to other organs 2 originating metastasis, which constitutes a challenge in cancer treatment. 3 There are .100 types of cancers, and different risk factors contribute to the development of cancers in different sites. 4 Cancer is the second cause of death and its main risk factor is aging. This fact is alarming, since a double of the population older than 65 years is expected to be affected in the next 20 years, increasing from 616 million to 1,157 billion worldwide. 5 The most incident type of cancer is the non-melanoma skin for both sexes, followed by prostate cancer in men and breast cancer in women, which affects women the most worldwide. 1 Breast tumors are categorized into three main classes: those in which cells have estrogen receptor (ER+) or progesterone receptor (PR+), those in which cells have human epidermal growth factor receptor-2 (HER-2+) with or without 6, 7 TNBC affects 9%-16% of the population worldwide, has a poor prognosis related to cure and survival, has high relapse rates, and has no targeted therapies. 8 Basically, breast cancer treatment constitutes surgery, chemotherapy, and radiotherapy. 9 There is an urgent need for chemotherapeutics that act selectively to inhibit neoplastic cell growth, leaving the non-tumor cells intact. 10 However, the majority of the drugs used in chemotherapy are mutagenic and cause damage to DNA from the tumor and non-tumor cells, leading to the death of rapidly dividing cells, which is associated with the collateral effects observed in patients. 11 Aiming to improve the efficacy to decrease toxicity and increase the bioavailability of chemotherapy medication, nanotechnology has emerged as an important option. 12, 13 Nanoparticles accumulate preferentially in the tumors due to the presence of well defined characteristics in tumors mass, such as the defective vasculature and poor lymphatic drainage, resulting in an increase in permeation and retention effect. 14, 15 For antitumor treatment, nanoparticles may serve as carriers of compounds with higher selectivity for primary tumor and metastases, reducing the drug resistance and side effects. 16 In TNBC, gold nanoparticles conjugated with folic acid have shown significantly higher cell entry rates in both in vitro and in vivo models, indicating that folate receptors can be used as targeted therapies for TNBC. 17 This pattern was also observed with fructose-coated nanoparticles showing high selectivity (100-fold) for breast cancer cells compared to normal cells. [18] [19] [20] This review aims to provide an update of the scientific production related to nanoparticles for breast cancer treatment, mainly for the triple negative subtype, during the period between 2012 and 2017.
Materials and methods
Literature search was performed in August 2017 in Scopus database, using the keywords (nanotechnology OR nanomedicine OR nanoparticle OR drug carrier) AND (triple negative breast cancer OR TNBC OR breast cancer), and was confined to articles published in journals related to Biotechnology, Pharmacology, Toxicology and Pharmaceutics, and Medicine areas, published in the period ranging from 2012 to 2017, and written in English language.
The results regarding authors who are publishing in the field were analyzed through tools in Scopus database. Impact factor (IF) of the journals was analyzed using InCites Journal Citation Reports from Thomson Reuters. VOSviewer version 1.6.0 software (Leiden University, Leiden, the Netherlands) was used to analyze the relationship between the most cited references and the most productive authors to generate the map and clusters visualization. STATA software and Microsoft Excel 2013 were used to calculate the cumulative volume and to predict paper trends using polynomial multiple regression models. GraphPad Prism 5 and RSudio 1.1.383 were used to create graphics.
Results

General information
The initial number of identified studies using the keyword combination was 4,676. After exclusions, the final number was 1,932, as demonstrated in the flow chart depicted in Figure 1 .
In the period ranging from 2012 to 2017, 1,932 papers were published by 7,666 authors on the theme in 425 journals using 14,614 keywords (Table 1) . There was a growth in the annual number of papers, from 200 in 2012 to 1,757 in 2016, with a projection of 2,256 for 2017 and 2,798 for 2018. In this period, the increase in the number of publications can be represented by the polynomial regression model: y=21.93 x²−87,939.19x+88,163,841.66, with y being the year and x being the cumulative volume of papers ( Figure 2) . For the prediction model, functional specification, linear, logarithmic, polynomial, and exponential equations were tested. Hence, the choice of a second-order polynomial model for Figures 2 and 3A and B was based on the maximization of the R 2 goodness-of-fit coefficient of the available historical data, from 2012 to 2017, which served as the basis for choosing the model with the highest R 2 .
Countries
The most productive country in terms of publication, using the keywords already mentioned, was the USA with 548 papers, representing 28.36% of total publications ( Figure 3A ). After this, China and India occupied second and third positions, respectively, with 494 (25.56%; Figure 3B ) and 257 (13.30%) papers ( Figure 3C ). The choice of the functional specification for Figure 3A followed the same R 2 maximization logic; consequently, for the USA, the best specification was linear. This displays that India, China, and the USA show a growing trend in publications. However, the USA has a steady rate, while India and China are growing at increasing rates; thus, the expectation is that by 2018, China (which has the steepest growth rate) will exceed the USA in the number of publications. The top 10 countries that published more articles from 2012 to 2017 are shown in Figure 3D .
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Global trends in nanomedicine applied to breast cancer The papers were cited 26,450 times. The citation frequency was 13.69 times per paper. Singapore was the country that had the highest average of article citations (27 times). The number of citations of all papers from the USA was 
Institutes
The institute with the largest number of publications and citations in the area of nanotechnology and TNBC during the period was the Chinese Academy of Sciences, with 99 papers and 1,832 citations, comprising 5.12% of the total literature, and being the most cited institute. There are five other Chinese institutes in top 10 of the most cited publications and 2 are from Iran ( Table 2 ). The USA was the country that was the most cited; however, the US institutes do not appear among the top 10 that published the most in the field. The M.D. Anderson Cancer Center from the University of Texas with 25 publications and 693 citations Average article citations 
Total citations
S i n g a p o r e I r a n C a n a d a K o r e a J a p a n I t a l y U S A U K C h i n a I n d i a S i n g a p o r e I r a n C a n a d a K o r e a J a p a n I t a l y U K
Dovepress
2325
Global trends in nanomedicine applied to breast cancer and the Harvard Medical School with 18 publications and 616 citations were the American institutes that published the most in the area.
Journals
The top 10 journals published 625 papers in the area of TNBC and nanotechnology, comprising 32.34% of the total. Table 3 .
Authors, patents, and clinical trials
The top 10 most productive authors had a total of 160 papers, contributing to 8.3% of all publications in the field. In the period ranging from 2012 to 2017, "Li, Yaping" from Shanghai Institute of Materia Medica (China) produced most papers in the area, with 23 articles. His most cited paper is entitled "Co-delivery of doxorubicin and RNA using pH-sensitive poly (β-amino ester) nanoparticles for reversal of multidrug resistance of breast cancer" (2014) with 56 citations. "Atyabi, F" and "Yu, Hainjun" published 18 articles each. Furthermore, during the same period, .9,000 patents were filed; thus, the patents filed by the 10 authors who published the most were searched. Of these, four authors filed patents. "Ferrari, Mauro" was the most productive with 10 patents. The top 10 authors in this area are shown in Table 4 , and a list of their patents is shown in Table 5 .
We also performed a search on the current scenario of clinical trials in the area of TNBC and nanotechnology using the same combination of keywords described in the section "Materials and methods". The search resulted in 12 studies (Table 6 ). One study was excluded since it did not involve nanotechnology. Of the remaining 11 studies, 2 have their results reported. Two of them were related to the use of Abraxane ® in a combined regimen with carboplatin or carboplatin and bevacizumab. Abraxane is a nanoparticle containing albumin-bound paclitaxel and bevacizumab in an anti-vascular endothelial growth factor antibody.
The results regarding the safety and tolerability for the clinical trial using Abraxane and carboplatin were not presented, according to the report provided, due to insufficient accrual for the study. However, 60% of patients (6/10) presented serious adverse effects, such as anemia, alterations in neutrophil count, gastrointestinal disorders, and allergic reactions, after treatment. All the patients (10/10) had other adverse effects such as nausea, edema, and pain. This study was terminated.
The study using Abraxane with carboplatin and bevacizumab involved 41 women with TNBC in stage IV or inoperable stage III. Results of 39 patients were provided. Of them, 18% had complete response, 69% had partial 
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Global trends in nanomedicine applied to breast cancer response, 8% presented stable disease, and only 5% had progressive disease. The duration of progression-free disease was 15 months; however, 53.66% and 100% of the participants had serious adverse effects and other adverse effects, respectively. Overall, the scenario on TNBC and nanotechnology is not greatly encouraging currently. As in traditional chemotherapy, adverse effects of the regimens seem to be the main cause of concern. Notwithstanding, further research and the introduction of different nanosystems are pivotal for the improvement of therapeutic options for TNBC.
Articles
The top 10 most cited articles had 2,224 citations, representing 8.4% of the total citations. The paper entitled "Preclinical development and clinical translation of PSMA-targeted docetaxel nanoparticle with a differentiated pharmacological profile" (2012) published in Science Translational Medicine by HrKach J et al was the most cited, with 445 citations. The top 10 most cited articles are shown in Table 7 .
Hotspots
Keywords of 1,932 articles were analyzed in VOSviewer. Of 14,614 keywords, 145 were used .85 times in titles and abstracts of all papers. Keywords were classified into four clusters formed in the software VOSviewer: "Drugs", "Animal Models", "Human cell lines", and "Properties". In the cluster "Drugs", the most used keywords were "breast cancer" (1,133 times), "drug delivery system" (666 times), and "antineoplasic agent" (544 times).
In the cluster "Animal Models", the most used keywords were "unclassified drug" (685 times), "in vitro study" (584 times), and "particle size" (551 times). In the cluster "Human cell lines", the more frequently used keywords were "human" (1,481 times), "humans" (1,340 times), and "chemistry" (855 times). In the cluster "Properties", the most common keywords were "female" (1,023 times), "nonhuman" (802 times), and "animals" (793 times). Keywords and association lines are shown in Figure 5 and listed in Table S1 .
Several drugs are used in TNBC treatment, and results of clinical studies demonstrated that TNBC patients have different responses to them. 47 However, the chemotherapeutic drug widely reported in nanomedicine for the treatment of TNBC was "doxorubicin" (395 times), and the most common carrier nanosystem was "liposome/liposomes" (279 times). Accordingly, during the past few years, various nanomaterials have been developed for the detection and treatment of breast cancer. These nanoparticles are made up of a variety of materials including lipids, polymers, silica, protein/peptides, oligonucleotides, and metals such as gold, silver, and iron. 48 We found in this review that the main materials used in the formulations were "macrogol" (191 times), "macrogol derivate" (177 times), and "polyethylene glycols" (265 times). VOSviewer applied colors to keywords based on the year that they appeared in the literature. Keywords in red appeared early, followed by yellow and green colors, while keywords in blue appeared later. The average year of cluster appearance was close to each other. The cluster "Drugs" had the more recently used keyword "antineoplasic agent" (544 times cited, year of appearance 2014). The cluster "Animal models" had "Breast cancer cell lines" (231 times cited, 2015), the cluster "Human cell lines" had "MCF-7 cell lines" (165 times cited, 2016), and the cluster "Properties" had "Bagg albino mouse"
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Global trends in nanomedicine applied to breast cancer (193 times cited, 2015) as the more recently used keywords ( Figure 6 ). The density map shows the citation concentration areas for keywords ( Figure 7 ).
Conclusion
Nanotechnology cancer field has the potential for improving therapeutic efficacy, creating methods for detection, and targeting different cancer stages. Development of various nanomaterials and nanotechnology had allowed the improvement of cancer biomarkers area with high precision and sensibility that was not the case some years ago. In this study, the global scientific production from the period ranging from 2012 to 2017 related to the nanotechnology applied to TNBC research was analyzed quantitatively and qualitatively. Results showed an increase in the cumulative volume of papers worldwide and a tendency to continue growing in terms of publication numbers.
Research has focused on the search for drug carrier systems for the treatment of breast cancer in in vitro studies using the MCF-7 cell line and animal models, specifically Bagg albino mouse. Thus, through the study of the quantitative aspects of the production and dissemination of the 
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Teles et al knowledge generated in the time interval observed through bibliometric analysis, it was possible to trace the research profiles of different countries, centers, and researchers, offering an important analysis of the scientific production, behavior, and development in this field of research.
